For the past 20 yr, Florida has attempted to control phosphorus runoff from dairy manure into Lake Okeechobee. The elevated phosphorus levels in runoff water entering the lake has resulted in eutrophic conditions that threaten lake uses, including recreational and municipal water supplies. The lake watershed is also an important milkshed for southeastern Florida. In the 1980s, three water quality programs were implemented by Florida state agencies in the Lake Okeechobee basin in order to reduce phosphorus loads into the lake. This paper presents estimates of the economic impacts of the three water quality programs on the economy of Okeechobee County and the regional area during the period 1987 to 1993. Direct impacts of the water quality program include a 26% reduction in dairy cows and a 17% reduction in milk production in the affected area. Dairies that remained in production spent an average $1.14/cwt (net of approximately 30% cost share) on both mandatory and optional components. This additional private cost was more than offset by the 13% mean increase in milk production that was experienced as a result of the investments. The total economic impacts of the water quality programs included a 4% ($18 million) decline in income and a 4% (492 full-time equivalents) decline in jobs. ( Key words: waste management, economic impact, phosphorus, dairy runoff) Abbreviation key: LEIA = local economic impact area, MPSA = milk production study area, REIA = regional economic impact area, WOD = Okeechobee Works of the District Rule, WQP = water quality programs.
INTRODUCTION
Lake Okeechobee is a large, shallow lake in south central Florida covering approximately 730 mi 2 ; depth averages 9 ft. This lake is the second largest (area) freshwater lake within the conterminous United States. The elevated phosphorus levels in runoff water entering the lake has resulted in eutrophic conditions that threaten lake uses, including recreational and municipal water supplies. The lake watershed is also an important milkshed for southeastern Florida. The dairy industry in the area is unusually concentrated, and mean herd size is approximately 1000 cows. As a result, the dairy runoff problem has both point and nonpoint characteristics.
The Florida state government has employed a range of policies to address the runoff problem. Initial approaches focused on voluntary measures and high levels of cost sharing. Over time, the state has moved from voluntary to mandatory approaches and from public funding to approaches in which the "polluter pays." Most recently, the state has moved from a command and control technology standard to a more flexible emissions standard. This paper examines the costs and economic impacts of the three main water quality programs ( WQP) that were implemented during the 1980s in the Okeechobee Basin.
Two of these WQP were geared specifically toward 49 milk production operations within the basin. The third WQP applies to land from which drainage water enters Okeechobee Works of the District, which is the system for basin-wide flood control and drainage that conveys excess water to Lake Okeechobee. All lands within this basin that are not dairies are subject to the Okeechobee Works of the District Rule ( WOD) .
This report presents estimates of the impacts of these three WQP on the economy of Okeechobee County and the regional area of Okeechobee, Highlands, Martin, and St. Lucie counties from 1987 to 1993. The three WQP are summarized.
The Dairy Rule
The Florida Department of Environmental Protection imposed technology standards upon dairies oper-ating within the Lake Okeechobee drainage basin [Rules 17-6.330 through 17-6.337 of the Florida Administrative Code (4, 6) ]. The rule required dairies to have an approved collection and treatment system for wastewater and runoff from milking parlors and intensive use areas before those fluids were discharged into state water bodies. Dairy operations located in those portions of Okeechobee, Highlands, Polk, Hendry, Glades, and Martin Counties lying in the Okeechobee Basin were required to comply with this rule. The capital cost of these systems was shared by the dairy owners and the State of Florida. Eighteen dairies representing 29 barns complied with the rule, and implementation began in 1987.
The Dairy Buy-Out Program
The voluntary dairy buy-out program ( 2 ) was financed by the South Florida Water Management District, hereafter referred to as the district, and the Florida Department of Agriculture and Consumer Services as an alternative to WOD compliance. During 1989 to 1992, owners of dairy herds residing within the Okeechobee drainage basin were offered a one-time payment of $602 per cow in exchange for moving operations out of the basin and accepting restrictions (i.e., an easement) on future use of the lands on which the dairies had been located. The dairies that were offered this program were located in portions of Okeechobee, Highlands, Polk, Hendry, Glades, and Martin Counties, which are in the Okeechobee Basin. Sixteen dairies representing 18 barns ceased operations under this program during 1989 to 1992.
WOD
The WOD was formulated by the district under the Interim Lake Okeechobee Surface Water Improvement and Management (SWIM) Plan ( 5 ) , which was implemented in 1989. The WOD established a phosphorus concentration standard for drainage water originating from acreage under regulated land uses that ultimately discharged into works of the district. The district is required to monitor the total phosphorus concentrations of drainage water at discharge points of agricultural properties and to apply enforcement measures when standards are not met. Of the 652 permits issued by 1995, 34 permit holders had at some time been identified as being out of compliance with the standard for phosphorus concentration. Many of those permit holders are now in compliance. Works of the district permits have been issued to land owners located in Okeechobee, Highlands, Glades, Hendry, Palm Beach, Martin, St. Lucie, and Charlotte Counties, although most of the permits have been issued in Okeechobee and Highlands Counties.
In 1994 and 1995, an economic evaluation was performed by Hazen and Sawyer ( 3 ) to determine the extent to which implementation of these WQP affected the economy of Okeechobee County and the regional area. This present article summarizes the main findings of that study. The study focused on the economic impact of these programs as dairies left the area under the dairy buy-out program, as the remaining dairies complied with the dairy rule, and as permit holders complied with the WOD. The period studied was 1987 to 1993.
Several categories of economic impacts were evaluated:
ÿ actual program implementation costs to the regulated businesses, the district, and state agencies; ÿ changes in location of firm or farm, decisions on land use, and intensity of land use resulting from the three programs; ÿ changes in direct sales, employment, personal income, investments, and the patterns of purchasing inputs; ÿ changes in indirect sales, employment, and personal income generated by major suppliers and processors because of changes in the production levels and processes of the directly affected industries; ÿ changes in total direct, indirect, and induced sales, employment, and personal income in the local and regional economic impacts areas; ÿ differential impacts to relatively small businesses and farms in the study area; ÿ changes in tax revenues to local governments; and ÿ impacts of the buy-out program on the dairy industry in the rest of the state, focusing on where the dairy owners and cows went, the extent to which out-of-state milk sales substituted for in-state milk sales, and whether or not statewide milk consumption declined as a result of the program.
The potential economic impact of improved water quality conditions of Lake Okeechobee was not included in this evaluation because changes in the lake ecosystem in response to these programs were not yet evident during the implementation period.
MATERIALS AND METHODS
The data used to evaluate economic impacts were collected from publicly available sources and from surveys of businesses. The businesses surveyed included the dairies that participated in the dairy buyout program, the dairies that are in compliance with the WOD, and the WOD permit holders. Other businesses surveyed included local agricultural supply industries, the Florida Dairy Farmers Association, local retailers, and local bankers.
Definition of the Study Areas
Based on information provided from the surveys of dairies, permit holders, and other local businesses, three study areas were defined for this analysis: the local economic impact area ( LEIA) , the regional economic impact area ( REIA) , and the milk production study area ( MPSA) .
The criteria for choosing the LEIA were that a very large portion of the impacts were felt in this area and that the dairy industry was an important part of the economy. All survey responses indicated that the LEIA is Okeechobee County.
The LEIA contributed to the economy of the larger regional area in that secondary economic impacts affected the region, and the economic contribution of the LEIA has importance to the regional economy. The survey respondents indicated that Okeechobee, Highlands, Martin, and St. Lucie Counties provide goods, services, and labor to the MPSA and the LEIA.
The MPSA was defined as the area of milk production that affects the LEIA: Okeechobee, Highlands, and Martin Counties.
Procedures
The evaluation collected publicly available information, and dairies and other affected businesses were interviewed. The data and information collected were statistically analyzed or reviewed to estimate the changes in sales, income, and employment from 1987 to 1993 that had been caused by the implementation of the WQP.
Four major factors influenced the economy of Okeechobee County during the study period. First, the local and regional areas reflected the nationwide recession. Second, 16 dairies closed operations under the dairy buy-out program, reducing the milk production capacity of the area and the sales, income, and employment that it generated. Third, 18 dairies were constructing modifications to comply with the dairy rule, and the WOD permit holders were implementing measures to comply with the WOD; both increased economic activity in the WPSA during the study period. Fourth, the cost of complying with the dairy rule reduced the desirability of milk production in the basin and constrained growth in basin milk production. These simultaneous shocks to normal economic growth directly influenced the methodologies that were chosen to estimate the economic impacts of the WQP.
To isolate and measure the impact of the WQP on milk production in the MPSA, three statistical models were constructed: 1 ) an econometric model that uses economic data to estimate annual milk production in the MPSA, 2 ) a trend model that estimates the annual share of Florida milk consumption that is produced in the MPSA, and 3 ) a trend model that estimates the number of cows and milk production per cow in the MPSA and the rest of Florida each year.
The econometric model of milk production in the MPSA was estimated using time series data from 1973 to 1987. Three equations are included in the model: 1 ) a milk demand equation predicting the mean annual price received by the Florida Dairy Farmers Association for milk supplied from its members and from imports, 2 ) an equation predicting annual milk production in the MPSA, and 3 ) an equation predicting annual milk production in Florida outside the MPSA plus milk imports into Florida. This econometric model accounts for the impact of milk demand, milk price, weather, imports, government supply management programs, Florida milk production outside the MPSA, and cost of production on the annual amount of milk produced in the MPSA during the period from 1973 to 1987. (Originally, an econometric model describing the number of cows and milk production per cow in the MPSA and Florida was estimated, but the time series was too short to isolate, in a meaningful way, the impact of economic variables, between these two production components.)
The independent variables of the equations and the functional form of the equations were chosen because they best represented the behavior of the three dependent variables: milk price, MPSA milk production, and milk production in the rest of Florida plus imports. Independent variables in the milk price equation include Florida milk supply, the unemployment rate in Florida, and the percentage of the Florida population under 19 yr of age. The milk supply variable captures the impacts of variability in supply on milk prices. The latter two variables reflect key demand factors. Independent variables in the MPSA milk supply equation include variables for milk diversion and dairy termination that reflect the impacts of government supply adjustment programs. Lagged milk price is included to reflect price expectations of the producer. Rainfall and temperature variables are included to reflect the impact of weather on production. The interest rate variable reflects a key cost of production, and the trend variable is used to capture technological change. Independent variables in the milk supply from outside the MPSA include the variables for the milk diversion and dairy termination supply adjustment program and a trend variable to capture technological change.
The parameters associated with the independent variables were estimated using ordinary least squares regression, correcting for first-order serial correlation of the error variable. Multicollinearity among the independent variables was also corrected for in the estimation process.
The estimated econometric model explained over 95% of the deviation in milk production, imports, and price during 1973 to 1987; the estimated parameters have the expected signs and are statistically significant. Regression results are reported in Table 1. The estimated model was then used to forecast MPSA milk production from 1988 to 1993. Assuming that no changes in milk preferences or milk market structure occurred after 1987 relative to the previous period, this forecast represents the amount of milk that would have been produced in the MPSA if the WQP did not exist. This forecast is subtracted from actual milk production in the MPSA to obtain an estimate of the upper bound of the change in milk production in the MPSA that was caused by the WQP. Plots of actual versus predicted values for milk price, MPSA production, Florida production outside the MPSA plus imports, and total Florida milk production plus imports are depicted in Figures 1, 2, 3 , and 4.
An adjusted estimate of the change in milk production that was caused by the WQP was made because the econometric model was unable to predict the constant total milk consumption in Florida from 1989 to 1993. The forecast tended to increase during this period, overestimating actual Florida consumption by as much as 9% in 1993. Because of the relative ease with which milk can be acquired from the rest of Florida and from imports, total Florida milk produc- tion plus imports were not expected to have been affected by the WQP. Apparently, something other than the WQP and the variables included in the econometric model had an impact on Florida milk consumption from 1989 to 1993. National milk consumption exhibited a similar trend. The flat milk consumption may be part of a trend in tastes and preferences away from fluid milk.
The estimated econometric equation describing Florida milk production outside the MPSA plus imports predicted that, without the WQP, milk production would have been lower than the amount that actually occurred. This result suggests that increased Florida milk production outside the MPSA plus imports made up for the drop in MPSA milk production.
The adjusted estimate of the impact of the WQP on MPSA milk production was made using the assumption that the MPSA milk production equation overpredicts milk production from 1989 to 1993 in the absence of the WQP. For the adjusted estimate, the impact of the WQP on MPSA milk production is the difference between actual and predicted Florida production outside the MPSA plus imports. The justification for this assumption is that the market structure of milk demand and supply may have changed after 1988 and could not be accounted for in the econometric model, which is based on data from 1973 to 1987. Therefore, at a minimum, the MPSA would have produced the extra amount that came from the rest of Florida and from imports had the WQP not existed.
The amount of milk that would have been produced in the MPSA from 1989 to 1993 without the WQP is forecast as the actual amount produced plus the difference between the predicted and actual amounts of milk produced in Florida outside the MPSA plus imports. This calculation adjusts the MPSA forecasts from the MPSA milk production equation so that the predicted total Florida consumption equals actual Florida milk consumption.
Trend Analysis
Milk production capacity can be increased by increasing milking herd size and by increasing the amount of milk produced per cow per year. A regression analysis of trend was performed to evaluate whether the growth rate of the number of milk cows and milk production per cow changed significantly in the MPSA and in the rest of Florida. The trends in the milking herd and milk production per cow were studied for 1974 to 1993. Results are reported in Table 2 .
The equations for determining statistical trends are not meant to be used for forecasting; rather, they are estimated to determine whether the time series data suggest a change in the growth of herd size and milk production per cow before and after the implementation of WQP. The trend 1 variable represents the 1974 to 1987 period prior to implementation of the WQP. The trend 2 variable represents the 1988 to 1993 study period after implementation of the WQP.
The trend analysis indicates that implementation of the WQP corresponds to the following changes in trends. In the MPSA, the annual growth in the number of cows slowed during the study period (the herd size actually declined from 1989 to 1991). In the rest of Florida, the annual growth in the number of cows increased during the study period. In the MPSA, the annual growth in milk production per cow increased significantly more rapidly than it did in the rest of Florida during the study period. In the rest of Florida, the annual growth in milk production per cow increased by half as much as it did in the MPSA during the study period. The annual growth in the total number of cows in Florida did not change, but the annual growth in Florida average milk production per cow increased, during the study period. 
Input-Output Procedures
Multipliers for input and output representing LEIA and REIA were applied to the estimated changes in milk production values in the MPSA that were attributable to the WQP. The multipliers provided estimates of the direct, indirect, and induced impacts on sales, employment, and earnings. Direct impacts include sales, employment, and earnings generated by the target industry, which in this case was milk production. Indirect impacts included sales, employment, and earnings generated by industries that directly support the target industry. Induced impacts included sales, employment, and earnings generated by other industries that are dependent on purchases made by households that are employed in the target and thus support industries.
The multipliers were obtained from the IMPLAN model ( 1 ) . The IMPLAN database consists of data on 21 economic and demographic variables at 528 industrial sector levels for all 3000 counties in the US. The 1991 IMPLAN database ( 1 ) was used in this study because 1991 was the midpoint of the study period.
RESULTS AND DISCUSSION

Total Costs to Implement the WQP
The total cost to implement the WQP by government agencies, dairies, and WOD permit holders from 1987 to 1993 was $51.2 million. These costs included construction of modifications required under the dairy rule and the WOD, operations and maintenance costs associated with these modifications, government payments to dairy owners who permanently moved their cows out of the Okeechobee Basin, lower net revenues from reduced herd size per acre and changed land uses on land with a WOD permit; and government costs to monitor and enforce the WOD rule and to administer the dairy rule. By 1993, all construction activities that related to the dairy rule were completed, and all dairy owners were paid under the dairy buy-out program. The costs incurred to administer and comply with the WQP in 1994 were estimated to have been $1.8 million.
Farm Location, Size, Land Use, and Intensity of Land Use
The WQP reduced the amount of land used for milk production in the Lake Okeechobee Basin because, under the buy-out program, some dairies accepted easements on dairy land and the cost of dairy rule compliance discouraged expansion of milk production capacity.
No new dairies opened in the Lake Okeechobee Basin during the study period. New dairies have avoided the Okeechobee Basin and instead opened barns in Lafayette, Gilchrist, and Suwannee Counties. New dairies have perceived the WQP to be expensive and have chosen alternative counties because of the relatively low price of land and the relatively high milk prices received from the Florida Dairy Farmers Association, which is also the milk cooperative of the MPSA.
Of the WQP, the dairy buy-out program had the greatest impact on land use in the MPSA. Easements preventing future dairying operations were placed on 10,252 acres that were associated with 18 dairy barns (e.g., 14,825 cows) The most common uses of the easements in 1993 were cow and calf production, heifer rearing, and dry cow maintenance. Other uses included hay and citrus production.
The basic modifications to the dairy rule are the high intensity area runoff control system, the spray field, and the effluent retention ponds. Managing TABLE 3 . Estimated direct economic impacts of water quality programs in the milk production study area. 1 Total income includes wages and salaries, proprietor's income, profits, and rents. 2 Employment is the number of full-time and part-time wage and salary and self-employed (proprietor) jobs in full-time equivalents (FTE). runoff water within this system required additional labor time to operate and maintain the high intensity areas and the spray field. The water pumping and center pivot irrigation system increased diesel fuel costs. Based on the survey of dairies complying with the dairy rule, these investments would not have been made had the WQP not existed.
Change in
The most popular modification that went beyond the basic system was the installation of feed barns. Feed barns were constructed to accommodate 13 dairy barns. Feed barns were not specifically required by the dairy rule. However, these barns improved the operation of the wastewater management system. The feed barns helped concentrate the animals into small areas, and concrete flooring provided an impervious surface. The surveyed dairies said that the feed barns seemed to increase milk productivity per cow. This study found that, in 1993, after the dairy rule modifications were completed, mild production per cow in the MPSA was 13% higher than it would have been had the WQP not existed. This increase is in addition to the annual increases in milk productivity that would be expected from breeding and other types of improvements. This study did not attempt to identify which dairy rule modifications were responsible for this increase.
Five of the 23 barns included in the survey renovated their barns into systems of semi-or total confinement, which significantly changed the way in which the cows were managed. Under these systems, cows spent more time in confined structures, which resulted in changes in feeding and cooling practices. Although not specifically required by the dairy rule, confinement barns improve wastewater management and have the potential to increase milk production per cow. Had the dairy rule not existed, either these confinement barns would not have been constructed, or the barns would have been constructed over a longer period.
Very few permit holders who were in compliance with the WOD made changes to their operations. All of the relatively few permit holders (approximately 5%) who were out of compliance made modifications to their production practices or their facilities. These permit holders typically had livestock grazing, associated with either cow and calf or heifer raising, as the primary land use. Many of the permit holders surveyed who had been out of compliance changed the land use and land use intensity of their operations. The most common change in land use was the reduction in the number of cows grazed per acre. From the survey of WOD permit holders, the number of cows grazed per acre was reduced on an estimated 2% of all pastureland in the MPSA. The next most common land use change was the movement of heifers to other land areas or the substitution of heifers produced on the farm with heifers purchased from outside the basin.
Direct Economic Impacts of the WQP
Milk is the primary export product in Okeechobee County. Implementation of the WQP reduced milk sales from the MPSA by an estimated 17% during the 6-yr study period. As shown in Table 3 , estimated sales decreases ranged from $17 million in 1988 to $43 million in 1991, the year when decreases were the largest of the study period. By 1993, sales decreases were about $29 million. Estimated income reductions in the dairy industry ranged from $7.6 million in 1988 to $19 million in 1991. Full-time and part-time employment, including the number of proprietors, in the dairy industry was estimated to be 170 jobs fewer in 1988 than the employment that would have existed without the WQP. The greatest employment impact occurred in 1991 when 430 fewer jobs existed. Sales of other agricultural products, such TABLE 4 . Estimated indirect economics impacts of water quality programs in the milk production study area. 1 Total income includes wages and salaries, proprietor's income, profits, and rents. 2 Employment is the number of full-time and part-time wage and salary and self-employed (proprietor) jobs in full-time equivalents (FTE). as calves, citrus, vegetables, hogs, and chickens, were not significantly affected. The dairy buy-out program was responsible for most of the direct economic impacts. The relocation of 14,825 cows (i.e., 26% of the 1987 MPSA total) outside the study area would by itself have resulted in roughly equivalent declines in percentage of dairy industry sales, income, and employment. Actual impacts were lower because investments stimulated by the dairy rule increased mean milk production per cow by 13% on the remaining dairies.
Change in
The mean cost of compliance with the dairy rule was $0.61/cwt (net of cost share). In addition, dairies spent on average $0.53/cwt on optional investments for a total cost of $1.14/cwt. This additional cost is more than offset by the 13% increase in milk production. Thus, the losses to the dairy sector in the study region primarily reflect the relocation of dairies to other regions rather than losses in income to remaining dairies. The exceptions would be dairies that did not experience significant increases in milk productivity as a result of their dairy rule investments.
Indirect Economic Impacts of the WQP
Changes in sales, employment, and income of businesses that supply goods and services to the dairy industry and their suppliers are termed indirect economic impacts. These indirect impacts are a portion of the total economic impacts and are presented in Table  4 . Sales losses to the indirect industries in Okeechobee County (including feed mills, agricultural services, transportation, wholesale trade, banking, repair services among others) ranged from $3.4 million in 1988 to $8.6 million in 1991 (Table 4) . Total losses in indirect income [i.e., wage and salary, self-employed (proprietors), profits, and rents] losses ranged from $1.4 million in 1988 to $3.5 million in 1991. There were 60 fewer full-time and part-time jobs (includes wage and salary employment and self-employed individuals or proprietors) supported by these industries in 1988 and 152 fewer jobs in 1991. The production of hay and other forages also fell in response to the lower demand by the dairy industry. Indirect economic impacts to the REIA were about 3% higher than that for Okeechobee County alone.
Total Direct, Indirect, and Induced Economic Impacts
The estimated net impacts of the WQP on sales, income, and employment in the LEIA (Okeechobee County) from 1988 through 1993 are presented in Table 5 . These impacts are net of the national recession, which caused additional losses in sales, income, and employment above and beyond those reported in Table 5 . Okeechobee County experienced annual losses in total sales ranging from $21 million in 1988 to $61 million in 1991 because of the WQP. That is, had the WQP not existed, sales would have been $21 million greater in 1988 and $61 million greater in 1991. Total income was also lower during the study period because of the WQP. Total income losses ranged from $10.5 million in 1988 to $28.5 million in 1991. Total income losses as a percentage of total county income ranged from 3% in 1988 to 7% in 1991. Losses in wage and salary income ranged from $5.1 million in 1988 to $13.7 million in 1991.
Full-time and part-time employment was lower than it would have been during the study period because of the WQP. Employment losses ranged from a loss of 281 jobs in 1988 to a loss of 785 jobs in 1991. Net employment losses as a percentage of total county employment ranged from 3% in 1988 to 6% in 1991. (The county employment data reported by the Bureau of Economic and Business Research included part-time and full-time wage and salary jobs and did not include self-employed persons. The estimated employment impacts include part-time and full-time wage and salary jobs and self-employed persons. Therefore, the employment impacts as a percentage of total county employment are overstated.) These net losses are the net impact of reductions in milk sales from the MPSA, associated reductions in barn construction activity, and the increased economic activity tied to construction of modifications and compliance monitoring under the dairy rule and the WOD.
The economic impacts to the REIA, which includes Okeechobee, Highlands, Martin, and St. Lucie Counties, were about 3% greater than those reported in Table 5 for Okeechobee County only. The economic activity generated from milk production in the MPSA was concentrated in Okeechobee County. Dairies in TABLE 5 . Estimated total economic impacts of the water quality programs in the local economic impact area. 1 Employment is the number of full-time and part-time wage and salary ( W + S ) and self-employed (proprietor) jobs in full-time equivalents (FTE). the MPSA rely on Okeechobee County and out-ofstate resources more than on resources of nearby counties. For example, about 50% of the cost of dairy production was for feed that was purchased from suppliers outside Florida.
Differential Impacts to Relatively Small Businesses
No significant differential impacts to relatively small businesses were found, except for barns participating in the dairy buy-out program. The mean size of barns in the MPSA increased by 155 milking cows per barn after the WQP were implemented. The mean milking size of the remaining dairy rule dairies is now about 1048 milking cows per barn. Prior to the WQP, mean barn size was estimated to have been 893 milking cows per barn. The extent to which the change in barn size was influenced by the WQP is not known. However, of the 18 dairy barns that participated in the buy-out program, 14 of those barns (78%) had herd sizes less than 1000 milking cows.
For the modifications required by the dairy rule, including permanent shade structures, the total cost per cow was higher for large barns than for small barns, $1156 per cow versus $970 per cow, respectively. Additional modifications include the rebuilding of old milking parlors and barn structures, which likely would have been made during the study period had the WQP not existed. Dairies with large barns spent significantly more on optional modifications than did dairies with small barns, $643 per cow versus $9 per cow. The total cost per cow for all investments was $1800 per cow for large barns and $979 per cow for small barns.
The State of Florida reimbursed dairies for a portion of the capital cost of the basic design modifications, including the high intensity area runoff control system, the spray field, the effluent retention ponds, and the concrete flooring of shade structures, such as feed barns. After reimbursement, dairies with small barns paid, on average, $478 per cow for the required modifications or 49% of the total cost of the basic design. Dairies with large barns paid $606 per cow, which was 52% of the total cost of the basic design. The total capital cost of all investments paid by dairies was $486 per cow for dairies with small barns and $1249 for dairies with large barns.
Changes in Tax Revenues of Local Governments
The WQP reduced ad valorem tax collections by about $37,755. Total Okeechobee County ad valorem tax collections were about $17 million in 1992. Tangibles tax collections fell by $13,500 by 1993. The WQP changed retail tax collections in Okeechobee County by about 3% in all years except 1991 when sales tax collections were 5% lower than what they would have been had the WQP not existed.
Impacts of the WQP on the Florida Dairy Industry in the Rest of Florida
Most of the reduced milk production in the MPSA was offset by increases in milk production in the rest of Florida. Prepackaged milk imports may also have offset some of the decline in MPSA milk production. The Florida Dairy Farmers Association, the marketing cooperative for dairies in the basin, stated that the members of the association absorbed the cost increase associated with purchasing milk from outside their own production area during the study period. Therefore, no increases in milk prices paid by milk processors were due to the WQP, because no retail price changes occurred.
CONCLUSIONS
Florida implemented three WQP that were designed to reduce phosphorus runoff from dairies and other agricultural lands into Lake Okeechobee.
